Recently, cDNA sequences have been reported for both human and murine tumor necrosis factor (TNF; cachectin). The coding region of the TNF genes is highly conserved between man and mouse; 80% homology is apparent at the amino acid level. We now observe that a 33-nucleotide sequence, comprised entirely of A and T residues and located in the 3'-untranslated region, is conserved in toto in the murine and human TNF mRNAs. Since the 3'-untranslated region is normally not conserved, we reasoned that this sequence might play a regulatory role. We identified a consensus sequence (TTATTTAT) present in the 3'-untranslated region of both human and mouse TNF mRNAs, as well as the mRNAs encoding human lymphotoxin, human colony stimulating factor, human and mouse interleukin 1, human and rat fibronectin, and most of the sequenced human and mouse interferons. All of these mRNAs, except the lymphotoxin mRNA, lack homology to the TNF mRNAs in the coding region. The consensus sequence is uncommon among mammalian mRNAs in general, but it appears with a frequency greater than chance alone would dictate, suggesting that it may serve a specific regulatory function among the mRNAs in which it is found. It is particularly prevalent among mRNAs encoding proteins related to the inflammatory response.
Recently, we described the isolation of cachectin, a mouse macrophage hormone synthesized and secreted in response to endotoxin (1) (2) (3) (4) , and other stimuli simulating host invasion (3, 5) . This hormone was initially encountered in the course of an investigation into the mechanisms of cachexia (wasting) in chronic disease states. Cachectin, which acts to suppress lipoprotein lipase activity in adipose tissue (1), appears to be an important cause of hypertriglyceridemia (1, 6) as it occurs during infectious or neoplastic disease.
When secreted in vivo, cachectin binds to high-affinity receptors present on a wide variety of tissues (4, 7) . Once bound, it acts to suppress the expression of specific mRNA molecules in target tissues, thereby altering cellular metabolism (8) . Presumably as a consequence of these effects, cachectin exerts a major influence over host physiology. Recent studies (9) have suggested that cachectin is the principal mediator of shock as it occurs in Gram-negative septicemia. Other work has implicated the hormone as a mediator of localized inflammatory processes (10) .
NH2-terminal sequence data and comparative bioactivity studies led us to propose that cachectin is the murine homologue of human tumor necrosis factor (TNF) (11) . Fransen et al. (12) have recently reported the complete cDNA sequence of the mouse TNF mRNA. The amino terminus of mouse TNF, as deduced from the gene sequence, exactly matches the protein sequence reported by us (11) , supporting the conclusion that TNF and cachectin are identical molecules.
Prior to the appearance of this publication, we also succeeded in cloning and sequencing mouse TNF mRNA. As presented below, the sequence agrees closely with that reported by Fransen et al. (12) . Of particular interest, however, we have noted that the human and murine TNF mRNAs possess a conserved sequence, located in the 3'-untranslated region of the molecule. Portions of sequence are conserved in mRNAs encoding numerous cytokines related to the inflammatory response.
MATERIALS AND METHODS
Cloning of the Mouse TNF Gene. RAW 264.7 cells were cultured and stimulated with endotoxin as described (4) . mRNA was isolated from both endotoxin-induced and noninduced RAW 264.7 cells according to the method of Favaloro et al. (13) .
A cDNA library was produced by using a pUC-9 vector according to a method to be described in a separate publication (14) . Briefly, the pUC-9 plasmid was linearized by using Pst I and (dG)-tailed by using terminal transferase. Tailed molecules were digested with BamHI and selected by chromatography over oligo(dC)-cellulose. The small fragment generated by BamHI to screen the cDNA library by in situ hybridization to bacterial colonies lysed with NaOH.
After isolation of the mouse TNF clone, DNA sequencing was performed by the dideoxynucleotide method (16). All of the human sequences identified were compared to their mouse homologues in an effort to identify conserved portions of the 3'-untranslated region other than that containing the TTATTTAT octamer. This comparison was performed by using the program DIAGON (17) . The program was set to identify 11-base-pair nucleotide spans containing 8 matching nucleotides.
RESULTS
Cloning of the Mouse TNF mRNA. mRNA isolated from induced cells contained a single molecular species that reacted strongly with the end-labeled oligonucleotide probe on RNA blots. The specific mRNA was -1.7 kilobases. mRNA isolated from noninduced cells did not contain this species in detectable quantities.
When the bacterial cDNA library constructed using mRNA obtained from stimulated cells was screened by using the oligonucleotide probe, numerous positive colonies were identified, at a frequency suggesting that 0.1-1% of the total mRNA produced by RAW 264.7 cells encoded TNF. Southern blot analysis of plasmid DNA obtained from positive colonies was used to determine the size of the inserts obtained; the clone used for sequencing proved to be 1370 nt long.
The complete nucleotide sequence of the cloned mouse TNF mRNA is shown in Fig. 1 . The sequence matches that reported by Fransen et TTATJ2TAT cannot be calculated with certainty, given the nonrandom occurrence of (A+T)-and (G+C)-rich nucleotide sequences in the mammalian genome. To a first approximation, one may calculate the expected frequency, a, using the formula of Nei and Li (24) :
in which g is the G/C content of the DNA to be surveyed, rl is the sum of C and G residues in the sequence, and r2 is the sum of the A and T residues in the sequence. On this basis, the octamer sought (TTATTTAT) should be expected to occur 10 times in the primate data base, and 12 times in the rodent data base by chance. In fact, the number of occurrences was considerably larger than this. Not only did 29 primate and 44 rodent sequences contain the octamer, but several of them contained it in multiple copies, suggesting that in certain circumstances, the sequence may play a role that justifies its preservation.
In the great majority of the mRNAs identified, the octamer resides in the 3'-untranslated region of the molecule. The specific appearance of the octamer within this region may also indicate that it fulfills a discrete biological function. The position of the sequence within the 3'-untranslated region, in terms of its distance from the termination codon or polyadenylylation site, varied greatly from one mRNA molecule to another. However, when homologous mRNA molecules from primate or rodent sources were compared, the distance of the octamer from the termination codon was conserved (Table 1) . Among the sequences identified by the initial search, only 13 primate, and 7 rodent sequences fulfilled the criteria required for inclusion in Table 1 (most of those sequences excluded lacked a rodent or primate homologue possessing the octamer). The other sequences included in Table 1 were located by examination of published data that were not present in the Genbank data base at the time of the search.
Ten of the 17 known human interferon sequences, and 4 of the 7 known murine interferon sequences were identified by the search. All three classes of interferon are represented, despite rather weak homology (<30%o) between these classes in the coding region. In addition, all of the known IL-1 sequences are included, as are the TNF, LT, GM-CSF, and fibronectin sequences. In several of the mRNAs in Table 1 , the sequence is present in multiple copies within the 3'-untranslated region. In addition, numerous partial repeats of the octamer (6 nt or longer) are apparent in the 3'-untranslated region of these molecules. A number of the mRNAs listed in Table 1 are illustrated in Fig. 2 , demonstrating their relationship to the TNF mRNAs, and to each other.
It will be noted that the mRNAs specifying the CFOS oncogene product and P nerve growth factor are included in (25) , and the 8-nt consensus sequence sought (TTAT'T'TAT) is included within this region. Therefore, the relationship of CFOS and /8 nerve growth factor to the other mRNAs in Table 1 is not immediately clear to us. It must also be acknowledged that several of the mRNAs that were excluded from Table 1 lack sequenced primate or rodent homologues. Therefore, further work may eventually justify their inclusion.
Comparison of human 3'-untranslated regions with their mouse homologues revealed, for most of the mRNAs, that the region of the mRNA containing the TTATTTAT sequence was the most highly conserved portion of the molecule (Fig. 3) Cachectin, a macrophage hormone induced by endotoxin stimulation, is a cytokine of special importance. Recent evidence has suggested that this protein is the principal endogenous mediator of shock in Gram-negative septicemia (9) . When chronically secreted, cachectin may elicit the catabolic state that is commonly associated with persistent infection or neoplastic disease (29) .
In the present paper, we observe that the nucleotide sequence of recombinant mouse TNF (as determined by us and by Fransen et al.) exactly predicts the NH2-terminal protein sequence that we have determined for mouse cachectin (11) . This finding strongly supports our suggestion that cachectin and TNF are identical molecules. Of more general interest, however, is the observation that mRNAs encoding cachectin/TNF, LT, IL-1, GM-CSF, interferons of all classes, and fibronectin possess a common sequence element in the 3'-untranslated region.
Although it has recently been noted that the 3'-untranslated region of actin mRNAs obtained from birds, rodents, and humans share a highly conserved sequence, as do the mRNAs of /3 nerve growth factor and the CFOS oncogene obtained from divergent species (25) , no report has been made of a 3'-untranslated sequence shared by mRNAs encoding proteins that are structurally unrelated. Dente et al. (30) recently observed that al-acid glycoprotein, haptoglobin, and al-antitrypsin, all acute phase reactants, share a common sequence in the 5'-untranslated region of their respective mRNAs. These genes share no sequence homology in the coding region, but they are functionally related. As such, this sequence is analogous to the consensus octamer reported here.
The expression of most of the genes in Table 1 is related to the inflammatory response. Several of the gene products are known to be induced by endotoxin, and to be suppressed by glucocorticoid hormones. We consider it likely that the sequence identified is involved in control of gene expression, either at a transcriptional or translational level.
The identification of the TTATTTAT consensus sequence, which was prompted by the striking similarity of the 3'-untranslated regions of murine and human TNF, serves to establish a more fundamental relationship between proteins (the interleukins, interferons, and TNF proteins, for example) that previously had been associated only at a functional level. While these proteins all participate in the inflammatory response to invasive pathogens, no structural similarity has been demonstrated among them. The availability of DNA probes complementary to all of the genes concerned will allow detailed examination of the possible regulatory role played by the 3'-untranslated sequence.
